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The chiral recognition of metal complexes by a quick and sensitive mass spectrometric analysis
was investigated. The principle is introduction of an external chiral standard compound and
detection of the differential association with two optical isomers. Using electrospray ionization
mass spectrometry we detected weak intermolecular association between the external chiral
anion bis(m-L-, D-tartrato)-diantimonate(III), [Sb2(L-, D-tart)2]
22 and isomeric bis(L-alaninate)
ethylenediamine cobalt(III) complex ions, [Co(L-ala)2(en)]
1 in acetonitrile/water solution. The
difference in the association with optical isomers of the Co complex was measured. The results
were interpreted based on a model of intermolecular interaction involving hydrogen bonding.
The prospects of the mass spectrometry method for chiral recognition using the external chiral
negative ion [Sb2(L-, D-tart)2]
22 was discussed. (J Am Soc Mass Spectrom 2000, 11,
804–808) © 2000 American Society for Mass Spectrometry
Generally speaking, the chirality of a moleculecannot be determined by mass spectrometry(MS), because mass spectrometry measurement
cannot distinguish enantiomers. X-ray crystallography
by far is the most conclusive method for chiral recog-
nition, but the method is only applicable to those chiral
compounds that can form crystals with external chiral
standards. For the recognition of chiral molecules in
solution, the differences in chemical shifts of diaste-
reomers by NMR or resolution by a chiral stationary
phase in liquid chromatography has been used. For
example, the chiral resolution of metal complex cations
can be achieved by ion exchange chromatography using
an antimony potassium tartrate K2[Sb2(L-tart)2] solution
(Figure 1) as the eluting agent. The chiral recognition
mechanism for a series of [Co(N)6]
31-type complexes by
[Sb2(L-tart)2]
22 was proposed based on steric hindrance
[1]. Subsequently, a more practical model of intermo-
lecular interaction between [Sb2(L-tart)2]
22 and
[Co(en)3]
31 (en 5 ethylenediamine) with consideration
of hydrogen bonding was proposed by Miyoshi et al.
[2]. This model was an association model, in which
particular attention was paid to the orientation of
[Sb2(L-tart)2]
22 toward the complex cation. It was re-
ported that the elution order of the complex isomers
from ion chromatography could be predicted. More
recently, mass spectrometry methods have been inves-
tigated for chiral recognitions [3–9] based on introduc-
tion of an external chiral compound and detection of
differential association with the optical isomers in the
system. In comparison with NMR or chromatographic
methods, the mass spectrometry methods require
smaller amounts of sample and can achieve more rapid
chiral recognition. Martens et al. [3] reported that there
was a definite difference in the peak intensities of
protonated 1:1 association ions of (S)-mandelic acid as
an external chiral compound with the cyclic amino
acids (R)- and (S)-proline using chemical ionization
mass spectrometry (CI-MS). Hofmeister and Leary [4]
demonstrated that fast atom bombardment (FAB)-MS
was a useful method for chiral recognition in a metal
ion complex system. Complexation of a Li cation with
two different diols was shown for distinguishing the
enantiomers of one of the diols. Moreover, mass ana-
lyzed ion kinetic energy (MIKE) spectra and kinetic
energy release (KER) measurements of diastereomeric
octahedral Co(III) complexes showed statistically sig-
nificant differences [5]. MS/MS studies with a quadru-
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pole ion trap showed a unique method to differentiate
the diastereomers of a Co(III) metal–ligand system
coordinated with N-acetylhexosamine monosacchar-
ides [6]. Sawada et al. developed a mass spectrometry
method described as “FAB-MS/EL using enantiomeric
isotopic labeling guest,” in which a chiral crown ether
host was used to conduct chiral recognition of amino
acid ester guests [7]. Moreover, electrospray ionization
mass spectrometry (ESI-MS) coupled with the enanti-
omer-labeled (EL) guest method was used for chiral
amino acid recognition [8, 9].
Here, we have investigated chiral recognition of
metal complexes by ESI-MS using [Sb2(L-, D-tart)2]
22 as
the external chiral standards. We were able to observe
their weak intermolecular association with the optical
isomers of the metal complexes [Co(L-ala)2(en)]
1 in
solution. The differences in the associations toward the
optical isomers were measured and compared with that
obtained from the association preferences deduced
from the intermolecular association model. The feasibil-
ity of the ESI-MS method for the chiral recognition of
metal complexes will be discussed.
Experimental
Bis(L-alaninate)ethylenediamine cobalt(III) complexes
[Co(L-ala)2(en)]ClznH2O used in this experiment have
three geometric isomers, trans(O), C1-cis(O), and C2-
cis(O). In acetonitrile/water solutions the trans(O) gave
deep red and both C1-cis(O) and C2-cis(O) exhibited
light pink color. Each complex has two optical isomers
D and L as shown in Figure 2. D and L are symbols of
absolute configuration and represent dextrorotatory
and levorotatory, respectively. Both the L-form (natu-
ral) and D-form (unnatural) of K2[Sb2(tart)2] were used
in the experiment. The [Co(L-ala)2(en)]Cl isomers were
synthesized and the absolute configurations of the
isomers were assigned according to the published
method [10].
Equimolar solutions (0.14 mM) of [Co(L-
ala)2(en)]ClznH2O isomers and K2[Sb2(L-tart)2] or
K2[Sb2(D-tart)2] were dissolved by stirring in acetoni-
trile/water (4/1, v/v) solution. The solutions were left
at room temperature for three days and analyzed by
ESI-MS. Four runs were carried out and averaged for
each sample.
ESI-MS
ESI mass spectra were obtained with a sector-type mass
spectrometer (JEOL-D300) connected to an ESI interface
Figure 1. Structure of [Sb2(L-, D-tart)2]
22.
Figure 2. Stereoisomers of [Co(L-ala)2(en)]
1.
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constructed in our laboratory. The ESI ion source has
been described in detail elsewhere [11]. Briefly, a sam-
ple solution was sprayed at the tip of a stainless steel
needle (o.d. 0.26 mm, i.d. 0.13 mm) biased at 3.5 kV
higher than the counterelectrode. The distance between
the needle and the counterelectrode was 1 cm, and the
counterelectrode was made with a 12-cm long stainless
steel capillary tube (i.d. 0.5 mm). Heated N2 gas (70 °C)
was introduced between the needle and the capillary
electrode to assist desolvation of the sprayed charged
droplets. Ions entered the vacuum system through two
skimmer cones. Sample solution was infused with a
continuous flow of about 2 mL min21 using a syringe
pump. The voltage between the two cones was set at 50
V, and collision-induced dissociation by the residual
gas was induced when desired between the two cones
in the ESI interface.
Ion-Exchange Chromatography
Ion-exchange chromatography was performed with a
SP-Sephadex (K1 form, 60 3 2.7 cm) column and a
0.042 mM solution of either K2[Sb2(L-tart)2] or
K2[Sb2(D-tart)2] was used as the eluting agent. [Co(L-
ala)2(en)]
1 geometrical isomers, D and L mixtures (5/1,
w/w), were applied to the Sephadex column and the
eluting agent was recycled using a microtube pump
until the diastereoisomers were separated into two
bands and eluted from the column. The eluents were
analyzed with a circular dichroism (CD) spectropho-
tometer to determine their absolute configuration. The
results of the chromatographic analysis are summarized
in Table 1. The association preference of optical isomers
for ion chromatography was determined from the elu-
tion order. The isomer that eluted first is the one that
interacts more strongly with the external chiral stan-
dards. When the trans(O) isomer was developed with
K2[Sb2(D-tart)2] solution, incomplete separation of the
diastereoisomers was achieved; however, from CD
Figure 3. Negative ion ESI mass spectra of mixtures of [Sb2(L-
tart)2]
22 and C1-cis(O) [Co(L-ala)2(en)]C1znH2O; (a) D C1-cis(O)
and (b) L C1-cis(O).
Table 1. The association preferences of [Sb2(L-tart)2]
22 (or [Sb2(D-tart)2]
22) to [Co(L-ala)2(en)]
1 observed by ESI-MS and
chromatography analysis, and predicted from the model structures
External chiral
standard
[Co(L-
ala)2(en)]2
Association preferencea
ESI-MS
Chromatography
Model
Calculation
Association
strengthb S.D.c
[Sb2(L-tart)2]
22 trans(O) D 0.144 0.012 D D D
L 0.041 0.003
C2-cis(O) D 0.114 0.011 D D D
L 0.060 0.002
C1-cis(O) D 0.200 0.002 L L L
L 0.242 0.001
[Sb2(D-tart)2]
22 trans(O) D 0.053 0.005 — Ld D
L 0.058 0.005
C2-cis(O) D 0.103 0.001 D D D
L 0.080 0.017
C1-cis(O) D 0.225 0.017 D D D
L 0.151 0.004
aIsomer observed or expected to interact more strongly with the external chiral standard.
bSee the text.
cStandard deviation calculated from four measurements.
dIncomplete resolution; the association preference of optical isomers for ion chromatography was determined from the elution order. The isomer
that eluted first is the one that interacts more strongly with the external chiral standards. Incomplete separation of the trans(O) isomer with
K2[Sb2(D-tart)2] solution was achieved; however, it was able to determine that the L isomer had eluted first from CD analysis.
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analysis of the front and rear bands of the eluent, it was
possible to determine that the L isomer had eluted first.
Results and Discussion
Figure 3 shows negative ion ESI spectra of two mixtures
of K2[Sb2(L-tart)2] and [Co(L-ala)2(en)ClznH2O: (a) with
the D-C1-cis(O) Co complex, and (b) with the L-C1-
cis(O) complex. The spectra show that identical ion
species were detected for the two different optical
isomers. The major spectral ions observed are m/z 268
[A 2 2K]22, m/z 537 [A 2 2K 1 H]2, m/z 675 [A 2
K]2, and the association ion m/z 832 [A 2 2K 1 M 2
Cl]2; where A represents K2[Sb2(L-tart)2] and M repre-
sents [Co(L-ala)2(en)]Cl. It can be predicted that the
higher ion intensity of the association ion at m/z 832 in
Figure 3b reflects stronger association between [A 2
2K]22 and [M 2 Cl]1. In the negative ion ESI spectra of
K2[Sb2(D-tart)2] with the two optical isomers of the
C1-cis(O) Co complex, the ion species obtained were
identical with those for K2[Sb2(L-tart)2] in Figure 3.
Table 1 summarizes the results of the ESI-MS analysis
and the chromatographic separation of the complex
mixtures. The strength of association in the ESI-MS
analysis is expressed by the ratio of the ion intensity for
the association ion [A 2 2K 1 M 2 Cl]2 to the sum of
the intensities for the following ions: [A 2 2K]22, [A 2
2K 1 H]2, [A 2 K]2, and [A 2 2K 1 M 2 Cl]2. The
strength of association was obtained from the average
of four measurements.
The ESI-MS results indicated that [Sb2(L-tart)2]
22
recognizes chirality in the solution because there are
large differences in the intensities of the association ions
involving some D and L Co complexes. However,
[Sb2(D-tart)2]
22 showed no difference in the intensities
of association with the two optical isomers of the
trans(O) complex. The ion chromatographic result in
Table 1 also showed incomplete resolution of those
isomers. We did not consistently observe reversal in the
elution order of the D and L isomers when the external
chiral agent was changed from [Sb2(L-tart)2]
22 to
[Sb2(D-tart)2]
22 isomers. The C1-cis(O) Co complex
showed changes in the elution order, but the C2-cis(O)
complex did not. The experimental association prefer-
ence of optical isomers determined by ESI-MS was the
same as that determined from ion-exchange chromatog-
raphy.
The association preference with [Sb2(L-tart)2]
22 and
[Sb2(D-tart)2]
22 can be interpreted based on the model
of intermolecular interactions proposed by Miyoshi et
Figure 4. C3 association model. The arrow represent one of the
three axis in L C1-cis(O)[Co(L-ala)2(en)]
1. The tris chelate-type
complex has three C3 axis. Assuming [Sb2(L-tart)2]
22 would attach
to [Co(L-ala)2(en)]
1 in the same orientation along this C3 axis and
interact with atoms at P1 and P2 positions. When P1, P2, and P3
positions are N atoms, the association with [Sb2(L-tart)2]
22 would
be strong (C3 association); when P1 and P2 are N and P3 is an O
atom, the association with [Sb2(L-tart)2]
22 would be weak (C*3
association); and when either P1 or P2 is an O atom and P3 is an O
atom, the association would be impossible. The C3 and C*3 associ-
ation are only possible for the L-tris chelate-type complex,
whereas its D isomer is difficult to form the associate due to the
steric hindrance of carboxyl function in [Sb2(L-tart)2]
22 molecule
[2].
Figure 5. C2 association model. The arrow represents one of the
C2 axis. The tris chelate-type complex has three C2 axis. Assuming
[Sb2(L-tart)2]
22 would attach to [Co(L-ala)2(en)]
1 in the same
orientation along this C2 axis and interact with atoms at P3 and P4
positions. When P1, P2, P3, and P4 positions are N atoms, the
association with [Sb2(L-tart)2]
22 would be strong (C2 association);
when P1 is N and P2 is an O atom, the association with [Sb2(L-
tart)2]
22 would be weak (C*2 association); and when either P3 or P4
is an O atom, the association would be impossible. In contrast to
the C3 and C*3 association, the C2 and C*2 association are only
possible for the D-tris chelate-type complex [2].
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al. [2]. This is an association model that considers a
preferable geometric orientation of the [Sb2(L-tart)2]
22
ion toward the complex cation. The model defines the
association of [Sb2(L-tart)2]
22 along the C3 axis of the Co
complex cation as a C3 association, and along the C2 axis
as a C2 association. The C3 association is shown in
Figure 4 and C2 association in Figure 5. We apply the
model to analyze the associations of [Sb2(D-tart)2]
22
isomers with [Co(L-ala)2(en)]
1 isomers. The possible
number of associations and the association preferences
were calculated and are shown in Table 2. It is antici-
pated that the higher the possible number of C3 and C2
associations, the higher the association preference. For
example, Figure 4a shows the C3 association (where P1,
P2, and P3 are N atoms), which indicates there is little
repulsion between the methyl group of L-ala and the
carboxyl group of [Sb2(L-tart)2]
22, therefore, the associ-
ation is preferred [C3(H)]. Figure 4b is the C*3 association
(where P1 and P2 are N atoms, and P3 is an O atom),
which indicates that there is a steric repulsion between
the methyl group and the carboxyl group of [Sb2(L-
tart)2]
22, so association becomes difficult [C*3(Me)] [2].
Figure 5a is the C*2 association (where P3 and P4 are N
atoms, and P1 or P2 is an O atom), which has small
repulsion between the methyl group and the carboxyl
group, therefore, the association is preferred [C*2(H)].
The association preference between the D and L com-
plex isomers was not necessarily reversed when the
external chiral standard was changed from [Sb2(L-
tart)2]
22 to [Sb2(D-tart)2]
22 (Table 2). The reason is the
complicated steric interactions in the association of
[Sb2(L-tart)2]
22 and [Sb2(D-tart)2]
22 with the Co com-
plex; the steric hindrance between the methyl groups in
[Co(L-ala)2(en)]
1 and the carboxyl group of [Sb2(L-,
D-tart)2]
22 will significantly affect the association pref-
erence in the model. The association preferences de-
rived from the above model analysis are in agreement
with the results obtained by both ESI-MS and chro-
matographic analysis described in Table 1.
Using the ESI-MS analysis, we have successfully
detected differential association of [Sb2(L-tart)2]
22 and
[Sb2(D-tart)2]
22 with the optical isomers of the metal
complexes [Co(L-ala)2(en)]ClznH2O. The association
preferences with the optical isomers obtained from the
ESI-MS and chiral ion-exchange chromatography was
in good agreement with that predicted by the intermo-
lecular interaction model. The ESI-MS method using the
external chiral anion [Sb2(L-, D-tart)2]
22 has shown to
be an effective method for the chiral recognition of
metal ion complexes.
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Table 2. Number of possible (C3 and C2) associations and their preference in the association of [Sb2(L-tart)2]
22 or [Sb2(L-tart)2]
22
with [Co(L-ala)2(en)]
1
External chiral
standard [Co(L-ala)2(en)]
1
Number of possible (C3 and C2) associations
Association
preference
C3 C2
D L D L
[Sb2(L-tart)2]
22 trans(O) 0 2*(Me)a 1*(H) 0 D
C2-cis(O) 0 2*(Me) 2*(H) 0 D
C1-cis(O) 0 3(H) 1*(H) 0 L
[Sb2(L-tart)2]
22 trans(O) 2*(H) 0 0 1*(Me) D
C2-cis(O) 2*(H) 0 0 2*(Me) D
C1-cis(O) 3(Me) 0 0 1*(Me) D
a2*(Me) represents two C*3(Me) associations. (Me) shows impossible to associate due to steric hindrance between the methyl group of L-ala in
[Co(L-ala)2(en)]
1 and the carboxyl group of [Sb2(L-, D-tart)2]
22. (H) shows association possible, and * does weak association. For detail associations
status see Figures 4 and 5.
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